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ఏҊ͢ΔΦϯνοϓϞχλγεςϜΛ 2.5 V 65 nm TSMCͷϓϥφʔ
CMOSϓϩηεʹͯࢼ࡞ɺPFE(Probing Front-End)͸ߴిѹ 0.28 μmϓ
ϩηε૬౰ͷCMOSͰઃܭ͞Εɺ55 μm× 138 μmͷαΠζʹऩ·͍ͬͯ
Δɻ·ͨɺνοϓ֎͔Βͷਖ਼ݭ೾஫ೖ͓ΑͼPFEΛ༻͍ͨ೾ܗऔಘʹΑ
ΔಈతઢܗੑධՁͷ݁ՌɺSNDR(Signal to Noise and Distortion Ratio)
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༰ྔ݁߹ (Fig. 1.1(a))͸ 2ͭͷνοϓؒͷ఻ૹΛ༰ྔ݁߹ʹΑΓߦ͏ɻ
༰ྔ݁߹ʹΑΔҰํͷిҐมಈͷଞํ΁ͷ఻೻Λ৴߸௨৴ʹ༻͍Δɻ


































































6 ୈ 1ষ ং࿦
(b)
(a)
Figure 1.2: (a)Package on package and (b) 3D stacking by wirebonding.
1.3. 3࣍ݩ࣮૷ͷ෼ྨ 7
1.3.3.1 ϑϦοϓνοϓ઀ଓ










































































Figure 1.3: (a)flipchip bonding, (b) 2.5D ingegration, (c) 3D integration.





΋TSVΛؚΉ؆қͳϞσϧ༻͍ͨ΋ͷ [15]ɺDivide & ConquerΞϓϩʔ
νͷηάϝϯςʔγϣϯϝιουʹΑΓ૚͝ͱͷΠϯϐʔμϯεΛผݸ





























































12 ୈ 1ষ ং࿦





































14 ୈ 2ষ ΦϯνοϓϞχλٕज़














Ϩʔλ (Latched Comparator : LC)ʹͯߏ੒͞Ε͓ͯΓɺίϯύϨʔλ
ʹൺֱλΠϛϯά (Tsmp)ٴͼࢀরిѹ (Vref)Λڙڅ͢Δ͜ͱͰɺೖྗஈ
͔Βͷग़ྗΛσδλϧԽ͢Δɻͦͷࡍͷ Tsmpٴͼ Vref ͸νοϓ֎෦ΑΓ
ڙڅ͞Ε͓ͯΓɺνοϓ಺෦ͷճ࿏͸࠷খݶʹ཈͑ΒΕ͍ͯΔɻຊষͰ࢖































Figure 2.1: On-chip monitoring system overview.
ిݯిҐɺ৴߸ຢ͸௿ిѹిݯిҐΛର৅ͱ͍ͯ͠ΔɻPFE͸ೖྗஈճ
࿏ʹΑΓର৅ͷ৴߸Λ LCͰൺֱՄೳͳిҐ (Vis)·Ͱγϑτ͠ɺVref ͱ












ͷ஋͸ Vis > Vref ͳΒ͹ Pout = 0ɺVis < Vref ͳΒ͹ Pout = 1ɺVis  Vref
ͳΒ͹ 0 < Pout < 1ͱͳΓɺVref ͱ Vis͕ۙ઀ͨ͠ిҐྖҬΛϝλεςʔ
ϒϧྖҬͱ͍͏ɻVisͷ஋Λಋग़͢Δʹ͋ͨͬͯɺϞχλγεςϜ͸ Tsmp



















































































δελͱͯ͠ػೳ͢ΔɻDPUͷߏ੒Λ Fig. 2.4(a)ʹࣔ͢ɻDPU͸ Tsmp
Λಈ࡞ΫϩοΫͱ͠ɺTsmpΛΧ΢ϯτΞοϓ͢Δ 11 bit Χ΢ϯλɺPFE
͔ΒͷDout͕ 1ʹͳΔճ਺ΛΧ΢ϯτͯ͠γϦΞϧग़ྗ͢ΔػೳΛ΋ͭ







Ncomp͸มߋՄೳͰɺ10 bitɺ8 bitɺ6 bitɺ4 bitͷ͏͔ͪΒΧ΢ϯλ
bit࢖༻਺Λબ୒Ͱ͖ΔɻΧ΢ϯτΞοϓͷࡍʹ SRػೳ෇͖Ϩδελͷ
ΦʔόʔϑϩʔΛ๷͙ͨΊɺ11 bitΧ΢ϯλʹ͸༧ΊΦϑηοτͱͯ͠


















18 ୈ 2ষ ΦϯνοϓϞχλٕज़
10 bit Counter / SR




























































































ίϯτϩʔϥΛ༻͍ͯ DPU͔ΒͷσʔλΛ PC΁సૹɺ࢖༻͢Δ PFE









ຊষͰ͸ΫϩοΫݯͱͯ͠ Agilent Pulse Pattern Generator 81130Aɺ
DACͱͯ͠Agilent Universal Source 3245AɺධՁର৅ਖ਼ݭ೾ͱͯ͠Ag-







































10 MHz Ref. Clock



















͜͜Ͱલઅͷ 5-10ʹ૬౰͢ΔϑϩʔΛ Fig. 2.7ʹࣔ͢ɻ͜ͷϑϩʔ͕
ΦϯνοϓϞχλγεςϜͷجຊͱͳΔϑϩʔͰ͋Γɺ3ॏͷϧʔϓͱ
ͳ͍ͬͯΔɻϧʔϓͷ಺ଆ͔ΒɺLCग़ྗͷ֬཰ Poutಋग़ͷϧʔϓɺVref




































ෳ਺ճߦ͍ɺ࠷ऴతʹ࠷খ෼ղೳΔVref Ͱ୳ࡧ͠ V out(Tn)Λಋग़͢Δɻ
ର৅೾ܗͷ֓؍ΛݟΔͷʹे෼ʹࡉ͔͍ΔTsmpͰ೾ܗऔಘΛߦ͏৔߹ɺ
Vout(Tn)ٴͼ Vout(Tn+1)͸ۙ઀͍ͯ͠Δͱݴ͑Δɻ୳ࡧ࣌ؒ࡟ݮͷͨΊɺ





Figure 2.8: Brute force search.
26 ୈ 2ষ ΦϯνοϓϞχλٕज़





1st scan 2nd scan
3rd scan
Detect
Figure 2.9: Neighborhood multi-step algorithm.
2.3.3 IG2P+SS
Fig. 2.10[47]ʹࣔ͢ IG2P+SS(Initial Guess by previous 2 Point with
Scaling Steps)͸͞Βʹޮ཰Λ૿ͨ͢Ίʹ୳ࡧճ࢝఺ͷܾఆʹඍ෼஋Λ༻
͍ͨ΋ͷͰ͋ΔɻຊΞϧΰϦζϜ͸Մม Vref εςοϓʹΑΔిѹ୳ࡧʹ
Ճ͑ͯɺVrefinit(Tn+1)ͷܾఆʹ௚લͷ 2఺ Vout(Tn)ٴͼ Vout(Tn−1)Λ༻͍
͍ͯΔɻ
Vrefinit(Tn+1)ͷಋग़͸ࣜ 2.3ͷΑ͏ʹߦΘΕΔɻ












Figure 2.10: IG2P+SS algorithm.
2.4 ϞχλγεςϜੑೳධՁ
2.4.1 ςετνοϓ
ຊষͰ༻͍Δςετνοϓ͸ 65 nm CMOSϓϩηεͰࢼ࡞͞Εɺ֤
PFEνϟωϧͱ DPUΛ౥ࡌ͍ͯ͠Δɻ3छྨͷ PFEٴͼ DPUͷϨΠ
Ξ΢τΛ Fig. 2.11ʹࣔ͢ɻFig. 2.11(a)ʹࣔ͞ΕΔΑ͏ʹPFE͸ 3छͱ
΋ 55μm× 138μmͰઃܭ͞Εɺઃܭʹ͓͚Δ഑ஔɾஔ͖׵͑Λ؆୯Խ͠
͍ͯΔɻFig. 2.11(b)ʹࣔ͞ΕΔDPU͸ 30μm× 30μmͷ໘ੵΛ઎ΊΔɻ
PFE͸ೖྗϨϯδͷ޿͞ͱߴిѹʹରԠ͢ΔͨΊ 2.5Vిݯͷ 0.28 μm




BFɺnSFνϟωϧ͸ͦΕͧΕ 200 mVɺ1150 mVɺ2350 mVத৺ʹ໿ 500
mVͷిѹྖҬΛ 9 bit (512 step)Ͱ෼ׂ͍ͯ͠Δɻ֤ INL(Integral Non
Linearityɺੵ෼ඇઢܗੑ)͸ॴ๬ͷྖҬʹ͓͓ͯΑͦ±1ͷൣғʹऩ·ͬ
͍ͯΔͨΊɺ8 bit૬౰ͷઢܗੑ͕֬ೝͰ͖Δɻ
28 ୈ 2ষ ΦϯνοϓϞχλٕज़
55 μm
138 μm 30 μm
30 μm
p-ch SF unity-BF n-ch SF
(a) (b)
Figure 2.11: Physical layout of (a) PFEs and (b) DPU.
2.4.3 ಈಛੑධՁ
Fig. 2.13ʹɺ֤ PFEνϟωϧͷಈಛੑධՁͷ݁ՌΛࣔ͢ɻ10 MHzɺ
100 mVppͷਖ਼ݭ೾Λ֤PFEೖྗʹڙڅɺ100 μV ిѹ෼ղೳ (ΔVref)ɺ1
nsͷ࣌ؒ෼ղೳ (ΔTsmp)Ͱ཭ࢄԽͨ͠΋ͷͰɺऔಘ೾ܗΛ Fig. 2.13(a)ɺ
500 MHzଳҬ·Ͱͷप೾਺੒෼Λ Fig. 2.13(b)ʹࣔ͢ɻ·ͨɺ͜ͷͱ
͖ SNDR(Signal to Noise and Distortion Ratio)ɺSNR(Signal to Noise
Ratio)ɺSFDR(Spurious Free Dynamic Range)ΛTab.2.1ʹࣔ͢ɻճ࿏ಛ
ੑʹΑΔੑೳࠩҟ͕͋Δ͕ɺ1 bit(6.02 dB)ఔ౓ʹऩ·͓ͬͯΓɺpSF-ch
ʹ͓͍ͯ͸ SNDRͰ 9.0 bitͷੑೳΛୡ੒͍ͯ͠Δɻ
Table 2.1: SNDR, SNR, SFDR of the waveforms in Fig. 2.13.
SNDR (dB) SNR (dB) SFDR (dB)
pSF-ch 56.07 60.51 60.74
unity-BF-ch 53.26 57.34 57.96

























Figure 2.12: I/O characteristics of (a) pSF-ch, (b)unity-BF-ch, and
(c)nSF-ch PFE.









































Figure 2.13: PFE dynamic responce of PFE in sinusoidal waveform cap-

































Measured at  unity-BF-ch
Figure 2.14: Dynamic range of waveform acquisition.







IG2P + SS *
Algorithm
* Initial guess  by previous 2 points and step scaling
99.34% reduction
















































ϩʔ͸ Fig. 2.17ͷΑ͏ʹ 4෦෼ʹ෼ׂՄೳͰ͋Γɺಉ༷ʹϓϩάϥϜ಺
ͷػೳ΋ 4ϒϩοΫʹ෼ׂՄೳͰ͋Δɻ
TsmpδΣωϨʔλ TsmpςʔϒϧʹԠͨ͡λΠϛϯάΛઃఆ͢ΔϒϩοΫɻ
ΞϧΰϦζϜύʔτ هड़ͨ͠ΞϧΰϦζϜʹج͖ Vref Λઃఆ͢Δϒϩ
οΫɻ




























Vref – Vis GeneratorTsmp Generator Waveform storageAlgorithm part









MHz, 100 mVpp ͷਖ਼ݭ೾ͷॏͶ߹Θͤ݁ՌΛFig. 2.19(a)ʹϓϩοτ͢
Δɻ·ͨɺ֤Ґ૬ʹ͓͚Δిѹ஋ͷ෯ (Vmax − Vmin)Λ Fig. 2.19(b)ʹࣔ
͢ɻਤΑΓɺਖ਼ݭ೾ͷΔV/ΔT ͕େ͖͍Օॴɺ͢ͳΘͪ࣌ؒόϥ͖ͭͷ
Өڹ͕ग़΍͍͢΄Ͳ Vmax − Vmin͕େ͖͍͜ͱ͕ಡΊΔɻ͜ͷͱ͖ɺ1α
ΠΫϧͷதͰ Vmax − Vminͷ࠷େ஋Λ Vspreadͱ͢Δ (ࣜ 2.4)ɻಉ༷ͷॏͶ
߹ΘͤΛ 1 GHz ͷਖ਼ݭ೾ʹରͯ͠ߦͬͨ΋ͷΛ Fig. 2.19(c)ɺҐ૬ͱి
ѹ஋ͷ෯Λ Fig. 2.19(d)ʹࣔ͢ɻਤΑΓɺ100 MHz೾ܗʹର͠ 1 GHz ೾
ܗ͸ΔV/ΔT ͕େ͖͍ͨΊ Vspread͕େ͖͍͜ͱ͕ಡΈऔΕΔɻप೾਺ຖ
36 ୈ 2ষ ΦϯνοϓϞχλٕज़
ͷ VspreadΛFig. 2.20ʹࣔ͢ɻVspread͕प೾਺ʹରͯ͠΄΅ઢܗʹ্ঢ͠
͓ͯΓɺ௚ઢۙࣅ͔ΒɺσT=12 ps ͕ಋग़͞ΕΔɻ
Vspread = max×ΔV/ΔT (2.4)
2.5.3 ੑೳղੳ





͕ݪҼͱࢥΘΕΔɻ·ͨɺಉ༷ͷൺֱΛ 10 MHzɾ200 mVppɺ100 MHzɾ




































σP = 1.0 mV
σP = 2.0 mV
σP = 3.0 mV
σP = 4.0 mV
Measured
Pout = 50 %
(ΔP/ΔV = Max)
Figure 2.18: Capturing static response of PFE in behavioral expression
with σP.





















































































Figure 2.19: (a) Superposition of sinusoidal waveforms after acquisition
for 140 cycles @100 MHz 100 mVpp. (b) Derived voltage variation at
each sample timing @ 100 MHz 100 mVpp. (c) Superposition of sinusoidal
waveforms after acquisition for 140 cycles @1 GHz 100 mVpp. (d) Derived






















Figure 2.20: Capturing AC response of PFE in behavioral expression with
σT.
















10 MHz, 100 mVpp
































































σV = 0.27 mV, σT = 12 ps
Sim. 2 :
σV = 0.0 mV, σT = 0.0 ps
Figure 2.22: Simulated and measured AC dynamic range.

































































σV = 0.27 mV, σT = 12 ps
Sim. 2 :
σV = 0.0 mV, σT = 0.0 ps





















































































PFE PFE PFE DPU


































VG͸DAC(Digital to Analog Converter)ʹΑΓɺVrefΛੜ੒͢Δճ࿏
Ͱ͋Δɻຊ࿦จͰ͸VG͸ 10 bitͷίʔυΛݩʹిྲྀ IoutΛੜ੒͢Δి



























































*TSV failure ratio : 5%
Estimated Failure ratio
Figure 3.2: (a)Serial configuration of PFEs, (b) pallarel configuration, (c)























50 ୈ 3ষ 3࣍ݩ࣮૷γεςϜͷͨΊͷΦϯνοϓධՁܥͷఏҊͱධՁ
ిྲྀͰνϟʔδ͞ΕΔ༰ྔɺ༰ྔͷిѹ஋ͱ VG͔ΒͷిѹΛൺֱ͢Δ













Figure 3.4: Timing generator (a) schematic diagram and (b) output im-
age.
3.3 ఏҊ೾ܗऔಘγεςϜߏ੒
૚಺ٴͼΦϑνοϓධՁܥΛؚΉ OCMͷߏ੒ྫΛ Fig. 3.5ʹࣔ͢ɻ














Ͱ͸ૄεςοϓͷ Tsmpڙڅ (ີεςοϓ͸TGʹΑΓ෇Ճ)ɺFig. 3.5(a)
Ͱ͸શͯͷ TsmpΛڙڅ͢Δɻ
೾ܗऔಘγεςϜͷ଎౓Λܾఆ͢ΔΞϧΰϦζϜ͸ۙ๣Ϛϧνεςο















and Distortion Ratio(SNDR)Λ dB஋ʹͯಋग़͠ɺ(3.2)ࣜͰද͞ΕΔ༗
ޮϏοτ਺ (Effective Number of Bits, ENOB)ΛٻΊͨɻ΋͏ͻͱͭͷ
ਫ਼౓ࢦඪͱͯ͠ɺSpurious Free Dynamic Range (SFDR)΋༻͍͍ͯΔɻ
͜͏ͯ͠ٻΊΒΕͨ஋͸OCMγεςϜશମͷप೾਺ಛੑ΍ϊΠζ݁߹
ʹΑΔੑೳྼԽͳͲ΋ؚ·ΕΔɻ








































* Probing point of interest
Figure 3.5: System diagram of OCM including in-stack and off-chip sub-
systems. (a) PFE and DPU are only embedded circuit blocks. (b) PFE




























Fig. 3.7ٴͼ 3.8ʹͦΕͧΕ 0.1 Vத৺ɺ1.15 Vத৺ͷೖྗਖ਼ݭ೾ৼ෯
ରઢܗੑͷධՁ݁ՌΛࣔ͢ɻͦΕͧΕҟͳΔධՁγεςϜΛ༻͍ͨ৔߹
ͷ਺஋Ͱ͋Γɺνοϓ֎DACٴͼPPGΛ༻͍ͨFig. 3.5(a)ͷධՁܥΛ
༻͍ͯಘΒΕͨ SNDRͱ SFDR͸ (a)ʹɺͦͷ͏ͪ SNDR͕࠷ߴ஋ͱͳ
Δऔಘਖ਼ݭ೾ͷप೾਺੒෼ϓϩοτΛ (c)ʹࣔ͢ɻಉ༷ʹɺνοϓ಺VG
ٴͼTGΛ༻͍ͨ Fig. 3.5(b)ͷධՁܥͰಘΒΕͨ SNDRͱ SFDR͸ (b)






࣌ؒΛεϧʔϓοτ (THP)ͱ͠ධՁͨ͠ɻFig. 3.9ʹ Fig. 3.7ٴͼ Fig.
























































External DAC/PPG On-chip VG/TG
Voffset : 0.10 V
Amp. : 244 mV
SNDR : 47.0 dB
SFDR : 55.9 dB
Voffset : 0.10 V
Amp. : 136 mV
SNDR : 46.1 dB
























Figure 3.7: Dynamic performance of Vss PFE using (a) external
DAC/PPG and (b) on-chip VG/TG. The frequency components for the









































Voffset : 1.15 V
Amp. : 380 mV
SNDR : 46.4 dB
SFDR : 51.2 dB
Voffset : 1.15 V
Amp. : 138 mV
SNDR : 47.4 dB
SFDR : 57.5 dB







































Figure 3.8: Dynamic performance of Signal PFE using (a) external
DAC/PPG and (b) on-chip VG/TG. The frequency components for the
highest SNDR in respective measurements are also shown in (c) and (d).








(1.0 mV, 1.0 ns)
On-chip
VG/TG









(1.0 mV, 1.0 ns)























Noise propagation from top tier
Noise injection to bottom tier
Monitoring on bottom tier
























































Figure 3.11: Sinusoidal waveforms monitored on bottom chip. Sinusoids






















































































(Front End Of the Line)޻ఔͷޙʹTSV͕ܗ੒͞Εɺͦͷ্͔Βϝλϧ
ܗ੒ͷBEOL(Back End Of the Line)޻ఔΛߦ͏ [64]ɻࢼ࡞νοϓ͸ 130
nm FEOL CMOSςΫϊϩδ (Cu/SiO2 BEOL) Λ༻͍ɺ200 mm ΢Σϋ
























Zoff Zoff Zoff Zoff
(a)
(b)
Figure 4.1: Substrate noise coupling in silicon chips of (a) 2D structure














































্૚νοϓʹ͸ Fig. 4.2ͷΑ͏ʹ 2ͭͷಠཱͨ͠ిݯܥΛ࣋ͭ NS͕
഑ஔ͞Ε͓ͯΓɺԼ૚ʹ΋ಉ༷ʹಠཱͨ͠ిݯܥͷNSΛ 2ͭ഑ஔ͍ͯ͠
ΔɻΫϩοΫ৴߸ٴͼઃఆ༻৴߸ (Common inputs)͸શNSͰڞ௨Խ͞



































Figure 4.3: Physical layout view of (a) top tier and (b) bottom tier.
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Figure 4.5: Cross-sectional view and diagram of vertical interconnect.














































Figure 4.6: Vertically integrated waveform capturer array of PFEs. (a)
Cascading PFEs in series (conventional), and (b) locating PFE subset in
each tier (proposed).
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Ε͓ͯΓɺ֤ NSͷಈ࡞/ఀࢭ͸ిݯిѹΛ 1.2 Vʹ͢Δ͔ 0.0 Vʹ͢Δ
͔Ͱܾఆ͞ΕΔɻ











౥ࡌ͍ͯ͠ͳ͍ͨΊɺ೾ܗऔಘʹඞཁͳ Vref ٴͼ Tsmp͸νοϓ֎෦ΑΓ













































Figure 4.8: Block diagram of evaluation system of 3D PDN test vehicle.
4.3 ࣮ଌධՁ
4.3.1 ϊΠζൃੜٴͼ఻೻ධՁ












Figure 4.9: Evaluation system photo.
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૚Λ఻ΘΔ૚಺఻೻ϊΠζɺFig. 4.13͸্૚Ͱൃੜͨ͠ϊΠζ͕Լ૚ʹ
఻ΘΔ૚ؒ఻೻ϊΠζͰ͋Δͱ͍͑Δɻ
ͦΕͧΕͷ೾ܗ͸ಈ࡞प೾਺ Fclk = {10, 100, and 500 MHz}ɺ Vref ࠷


























































(a) NS 2 Top tier(b) NS3 Bottom tier










































(a)  Measured at Psub of NS4
Fclk of NS4 = 10 MHz




(a)  Measured at Psub of NS4
Fclk of NS4 = 100 MHz
(a)  Measured at Psub of NS4
Fclk of NS4 = 500 MHz









































(a)  Measured at Psub of NS4
Fclk of NS3 = 10 MHz
(a)  Measured at Psub of NS4
Fclk of NS3 = 100 MHz
(a)  Measured at Psub of NS4
Fclk of NS3 = 500 MHz
Figure 4.12: AC substrate noise waveforms measured at NS4 during NS3
operation.



































NS 4NS 3 PFE
PFE NS 2
(a)  Measured at Psub of NS4
Fclk of NS2 = 10 MHz
(a)  Measured at Psub of NS4
Fclk of NS2 = 100 MHz
(a)  Measured at Psub of NS4
Fclk of NS2 = 500 MHz




















Table 4.1: Resistance from measurement or simulation.
Measured Simulated
PFEs-NS1 (Ω) 1000 609
PFEs-NS2 (Ω) 467 592
PFEs-NS3 (Ω) 565 335
PFEs-NS4 (Ω) 333 275
NS1-NS2 (Ω) 1391 1182
NS3-NS4 (Ω) 751 590
Resistance ratio
(Rsub bottom/Rsub top) 0.53 0.49
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ࣔ͞ΕΔΑ͏ʹ୯Ұͷدੜ༰ྔʹͯදݱ͞ΕΔɻ
Fig. 4.14ʹࣔ͞ΕΔΑ͏ʹɺిྲྀফඅϞσϧΛ༻͍NSΛಈ࡞ͤ͞Δ





PFEΞϨΠͷPDNͰ͋Δ V DPFEɺV SPFE΋ಉ༷ʹిݯιʔεʹ઀ଓ
͞Ε͓ͯΓ LCRૉࢠ͔Βߏ੒͞ΕΔɻV DPFEٴͼ V SPFE͸্૚Լ૚ͷ
PFEΞϨΠͰڞ༗͞Ε͍ͯΔͨΊɺV SPFE͕֤૚ͷج४ిҐͱͳ͍ͬͯ
Δɻ·ͨɺPFEͷ PDN͸Ϧμϯμϯτߏ੒ͱͳ͍ͬͯΔͨΊɺTSV͸
















߅཰ͷࠩҟ΋࠶ݱ͞Ε͍ͯΔɻຊઅͰͷղੳ͸ V DNSxٴͼ V SNSxΛΦʔ





















































Fig. 4.16ӈਤ͸֤PDNؒͷج൘݁߹ʹয఺Λ౰ͯ Fig. 4.14Λ؆ུԽ
ͨ͠΋ͷͰ͋Γɺ֤ϊʔυ໊͸ Fig. 4.2ͷϨΠΞ΢τΛ؆ུԽͨ͠ਤͰ
͋Δ Fig. 4.16ͷࠨਤͷӳࣈͱରԠ͍ͯ͠Δɻ
Fig. 4.16ӈਤͷ֤ճ࿏ϒϩοΫʹͭͳ͕Δϊʔυ { A, B, C, D, E, F
} ͸ͦΕͧΕ { NS1ج൘ɺNS2ج൘ɺNS3ج൘ɺNS4ج൘ɺ্૚PFEج
൘ɺԼ૚PFEج൘ } Λද͠ɺճ࿏ϒϩοΫͷ֎ଆͷϊʔυ { G, H, I, J }
͸ͦΕͧΕ { V SNS4 TSVଆนɺV DNS4 TSVۙ๣ج൘ɺV SNS3 TSVۙ๣
ج൘ɺV DNS3 TSVۙ๣ج൘ } Λද͢ɻTSVۙ๣ͷج൘Λද͢ { G, H, I,









































༰ྔ͕ 2ͭ෇͍͍ͯΔͱΈͳͤΔ (CNS · CTSV ≈ CTSV, ifCNS  CTSV)ɻ
NS1ʹର͢Δ Iͱ JɺNS2ʹର͢ΔGͱHͷؔ܎͸ϨΠΞ΢τ্ࠨӈର
শͰ͋ΔͨΊʹɺࠨӈͷZTSV NS͸ಉҰ஋ͱΈͳͤΔɻ
·ͨɺPFE্૚Լ૚ͷV SPFEϊʔυΛ઀ଓ͢ΔZTSV PFE΋Fig 4.17(c)


























































































Figure 4.17: Simplification of analytical model. (a) derived network from




ॳճͷΔ-ελʔม׵͸ Fig. 4.18(a)ʹࣔ͞ΕΔΑ͏ʹ AɺBɺEٴͼ
CɺDɺFͷ 3఺ؒͷج൘ωοτϫʔΫͷม׵Ͱ͋ΔɻFig. 4.18(b)ʹࣔ͞

















(“A” ٴͼ d “C”)ͷ఻೻ܦ࿏͸ TࣈωοτϫʔΫ (Fig. 4.18(c))ΑΓࣜ
(4.1)ͷΑ͏ʹಋग़͞ΕΔɻ













S12AC = (1− S11AC) ·
(
Zi + Zf















Z11AC = (RAK +REK)













S12AC = (1− S11AC)
· Zoff













఻೻ڧ౓͸ V0pͰධՁ͞Εɺ͜Ε͸࠷େిѹͱج४ిѹ (0 V)ͷࠩΛද



























































































































































Figure 4.19: Simulated and calculated S-parameters.











































Main propagation path 
for entire frequency 
Main propagation path 









Figure 4.20: Dominant propagation path at high/low frequency in the































S12(VSNS2 to VSNS4) 
S12(VSNS3 to VSNS4)
V0p @ VSNS4, NS2 running
V0p @ VSNS4, NS3 running
Figure 4.21: Comparison of V0p by measurements with S-parameters in
calculation.























































































































step 2ͷલʹɺ߹੒Մೳͳ௚ྻΠϯϐʔμϯε͕ Zaͱ Zbͱͯ͠·ͱ
ΊΒΕΔɻ
Za = ZTSV NS +RBK +RDK




REK + Zb + Za
Zd =
Zb · Za
REK + Zb + Za
Ze =
REK · Za
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Zf = Zc + Zoff
Zg = RCL + Zd




Zh + Zg + ZTSV NS
Zj =
Zg · ZTSV NS
Zh + Zg + ZTSV NS
Zk =
Zh · ZTSV NS





Fig. 4.22ʹࣔ͞ΕΔNS3ͱNS4ؒ (“C” “D”ؒ)ͷ૚಺݁߹༰ྔͷಋ
ग़͸ҎԼͷ਺ࣜʹΑΓߦΘΕΔɻ
step 1Ͱ͸ɺ৽ͨͳϊʔυKٴͼL͕Δ-ελʔม׵ʹΑΓઃఆ͞ΕΔɻ
step 2ͷલʹɺ߹੒Մೳͳ௚ྻΠϯϐʔμϯε͕ Zlͱ Zmͱͯ͠·ͱΊ
ΒΕΔɻ
Zb͸ (4.8)ͱಉ༷ͷཁૉͷ߹੒Ͱ͋Δɻ
Zl = ZTSV NS +RAK
Zm = ZTSV NS +RBK (4.8)
1౓໨ͷΔ-ελʔม׵͸ҎԼͷΑ͏ʹ࣮ߦ͞ΕΔɻ
Zn =
RCL ·RDL +RCL · Zb +RDL · Zb
RCL
Zp =
RCL ·RDL +RCL · Zb +RDL · Zb
Zb
Zq =






Zl · Zm + Zl ·REK + Zm ·REK
Zl
Zs =
Zl · Zm + Zl ·REK + Zm ·REK
Zm
Zt =












Zu + Zv + Zw
Zy =
Zu · Zv
Zu + Zv + Zw
Zz =
Zw · Zv
Zu + Zv + Zw
(4.12)
Z11ɺS11ɺS12ύϥϝλ͸ҎԼͷΑ͏ʹܭࢉ͞ΕΔɻ













S12CD = (1− S11CD) ·
(
Zy + Zoff













Zh · ZTSV NS
Zh + Zg + ZTSV NS
≈ Zh (4.14)
Zh = RAK + Ze
= RAK +
REK · Za
REK + Zb + Za
= RAK +
REK · (ZTSV NS +RBK +RDK)
REK + Zb + (ZTSV NS +RBK +RDK)
≈ RAK +REK (4.15)
Zi =
Zh · Zg
Zh + Zg + ZTSV NS
≈ 0 (4.16)
Zf = Zc + Zoff
=
REK · Zb




Zg · ZTSV NS
Zh + Zg + ZTSV NS
≈ Zg
Zg = RCL + Zd
= RCL +
Zb · Za
REK + Zb + Za
= RCL +
Zb · (ZTSV NS +RBK +RDK)
REK + Zb + (ZTSV NS +RBK +RDK)
≈ RCL + Zb
Zb = ZTSV PFE +RFL




Z11AC = Zk + (Zi + Zf)//(Zj + Z0)
= (RAK +REK)




Zaa = RCL ·RDL +RCL · Zb +RDL · Zb (4.21)
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Zx =
Zu · Zw




































Zu + Zv + Zw
= Zb
= ZTSV PFE +RFL
Zz =
Zw · Zv




Z11CD = Zx + (Zy + Zoff)//(Zz + Z0)













S12CD = (1− S11CD)
· ZTSV PFE +RFL + Zoff























































































εςϜ৘ใֶݚڀՊɾ٢ຊ խ඙ ڭतɺγεςϜ৘ใֶݚڀՊɾత৔ म
ڭतɺγεςϜ৘ใֶݚڀՊɾେ઒ ߶௚ ڭतʹਂ͘ײँ͍ͨ͠·͢ɻ
ݚڀੜ׆ʹؔͯ͠Կ͔ͱޚੈ࿩ʹͳΓݚڀʹݶΒ༷ͣʑͳࢹ໺͔Β೔ʑ
ޚٞ࿦ଷ͖·ͨ͠ಉֶՊɾחా ेࡾ࿠ ߨࢣɺࡾӜ య೭ ಛ໋ॿڭʹਂ͘
ײँͷҙΛද͠·͢ɻ
ݚڀ਱ߦʹ͋ͨͬͯࣄ຿खଓ͖Λ͸͡Ίɺଟ͘ͷ͝ࢧԉΛ௖͍ͨγε




Ұ࿠ ࢯ (γϟʔϓ)ɺେۼ ޺໌ ࢯ (ϧωαεΤϨΫτϩχΫε)ɺখྛ म
ࢯ (෋࢜௨ݚڀॴ)ɺૣా ੐໌ ࢯ (ϧωαεΤϨΫτϩχΫε)ɺಓਖ਼ ࢤ
࿠ ࢯ (ύφιχοΫ)ɺਿຊ ӹن ࢯ (STARC)ɺฏా խن ࢯ (ϧωαε
ΤϨΫτϩχΫε)ɺӹࢠ ߞҰ࿠ ࢯ (ΤΠΞʔϧςοΫ)ɺ৿ ढ़඙ ࢯ (෋
࢜௨ݚڀॴ)ʹײँக͠·͢ɻ
ຊݚڀͷҰ෦͸ϕϧΪʔͷ imecͷڠྗͷԼߦΘΕ·ͨ͠ɻڞಉݚڀऀͱ
ͯ͠ɺ׆ൃͳٞ࿦ͱ͝ࢦಋ௖͍ͨGeert Van der PlasࢯɺJaemin Kim (ݱ
Silicon Image)ࢯɺNikolaos MinasࢯɺPaul MarchalࢯɺYoussef Travaly
(ݱ IBAB) ࢯɺMichael Libois ࢯɺAntonio La Manna ࢯɺWenqi Zhang
ࢯɺGerald Beyer ࢯɺRyckaert Julien ࢯɺCe´sar Roda Neve ࢯɺStefan
Cosemans ࢯɺMiroslav Cupa´kࢯɺSun Xiao ࢯErik Jan Marinissen ࢯɺ
Jonghoon Cho (Samsung) ࢯɺEric Beyne ࢯʹײँ͍ͨ͠·͢ɻ
ݚڀάϧʔϓͷઌഐͱͯ͠ݚڀΛਪਐ͠ɺ·ͨݚڀ͚ͩͰͳ͘ݚڀࣨ
ͷ೔ৗੜ׆ʹؔͯ͠΋ޚॿݴɺޚࢦಋΛ͍͖ͨͩ·ͨ͠ڮా ୓ࢤ ࢯ (ݱ




ଷ͖·ͨ͠ߴ໦ ߁ক ࢯɺ্ా ࡊੜ ࢯɺࡾӜ འే ࢯʹײँ͍ͨ͠·͢ɻ
ݚڀࣨͰͷ೔ৗੜ׆ʹ͓͍͓ͯੈ࿩ʹͳΓ·ͨ͠CS26ͷօ༷ɺޙഐͱ
༷ͯ͠ʑͳޚڠྗଷ͖·ͨ͠CS26 LSIάϧʔϓͷॾࢯʹײँਃ্͛͠·
͢ɻಛʹɺখࡔ େี ࢯ (ΤΠΞʔϧςοΫ)ɺদ໺ ఩࿠ ࢯ (ݱ ϧωαε
ΤϨΫτϩχΫε)ɺಉ͡ത࢜՝ఔʹ͓͍ͯٞ࿦Λ௨ͯ͡ݚڀ΁ͷܹࢗΛ
௖͍ͨখྛ ਐ ࢯ (ϧωαεΤϨΫτϩχΫε)ɺԞຊ ݈ ࢯ (ύφιχο
Ϋ)ɺࡔ౦ ཁࢤ ࢯ (ݱ ύφιχοΫ)ɺᖒా ୎໵ ࢯ (ݱ ϝΨνοϓε)ɺ









[1] C. W. Tok and C. Effie. Ultra-fine-wire applications and challenges
in 30um process. In Electronics Packaging Technology Conference,
2009. EPTC ’09. 11th, pages 479–485.
[2] Shin-Yi Huang, Tao-Chih Chang, Ren-Shin Cheng, Jing-Yao Chang,
Fang-Jun Leu, Yu-Lan Lu, and Tsung-Fu Yang. Reliability assess-
ment of the 20 um pitch micro-joints within a 3DIC assembly un-
der various environments. In Microsystems Packaging Assembly and
Circuits Technology Conference (IMPACT), 2010 5th International,
pages 1–4.
[3] T. Fukushima, Y. Ohara, J. Bea, M. Murugesan, Kang-Wook Lee,
T. Tanaka, and M. Koyanagi. Temporary bonding strength control
for self-assembly-based 3D integration. In 3D Systems Integration
Conference (3DIC), 2011 IEEE International, pages 1–4.
[4] S. Mermoz, L. Sanchez, L. Di Cioccio, J. Berthier, E. Deloffre, and
C. Fretigny. Impact of containment and deposition method on sub-
micron chip-to-wafer self-assembly yield. In 3D Systems Integration
Conference (3DIC), 2011 IEEE International, pages 1–5.
[5] S. Takaya, M. Nagata, A. Sakai, T. Kariya, S. Uchiyama,
H. Kobayashi, and H. Ikeda. A 100GB/s wide I/O with 4096b TSVs
through an active silicon interposer with in-place waveform captur-
ing. In Solid-State Circuits Conference Digest of Technical Papers
(ISSCC), 2013 IEEE International, pages 434–435.
[6] K. Kohno, Y. Kitamura, T. Kamada, J. Ohara, Y. AKIYAMA,
C. Ueda, and K. Otsuka. 3D system simulation study of power
integrity using si interposer with distribution TSV decoupling ca-
pacitors. In 2012 2nd IEEE CPMT Symposium Japan, pages 1–4.
[7] Heegon Kim, Jonghyun Cho, Joohee Kim, Kiyeong Kim, Sumin
Choi, Joungho Kim, and Jun So Pak. A compact on-interposer pas-
102 ࢀߟจݙ
sive equalizer for chip-to-chip high-speed data transmission. In 2012
IEEE 21st Conference on Electrical Performance of Electronic Pack-
aging and Systems (EPEPS), pages 95–98.
[8] C.T. Ko, Z.C. Hsiao, Y.J. Chang, P.S. Chen, J.H. Huang, H.C. Fu,
Y.J. Huang, C.W. Chiang, W.L. Tsai, Y.H. Chen, W.C. Lo, and
K. N. Chen. Wafer-level 3D integration with cu TSV and micro-
bump/adhesive hybrid bonding technologies. In 3D Systems Inte-
gration Conference (3DIC), 2011 IEEE International, pages 1–4.
[9] S. Hamdioui. Yield improvement and test cost reduction for TSV
based 3D stacked ICs. In 2011 6th International Conference on
Design Technology of Integrated Systems in Nanoscale Era (DTIS),
pages 1–1.
[10] Hongbin Sun, Jibang Liu, Rakesh S. Anigundi, Nanning Zheng, Jian-
Qiang Lu, Kenneth Rose, and Tong Zhang. 3D DRAM design and
application to 3D multicore systems. 26:36–47.
[11] Taigon Song, Chang Liu, Dae Hyun Kim, Sung-Kyu Lim, Jonghyun
Cho, Joohee Kim, Jun So Pak, Seungyoung Ahn, Joungho Kim,
and Kihyun Yoon. Analysis of TSV-to-TSV coupling with high-
impedance termination in 3D ICs. In 2011 12th International Sym-
posium on Quality Electronic Design (ISQED), pages 1–7.
[12] Joohee Kim, Jonghyun Cho, and Joungho Kim. TSV modeling and
noise coupling in 3D IC. In Electronic System-Integration Technology
Conference (ESTC), 2010 3rd, pages 1–6.
[13] Qi Wu and Tong Zhang. Design techniques to facilitate processor
power delivery in 3-d processor-DRAM integrated systems. 19:1655–
1666.
[14] Jun So Pak, Joohee Kim, Jonghyun Cho, Kiyeong Kim, Taigon Song,
Seungyoung Ahn, Junho Lee, Hyungdong Lee, Kunwoo Park, and
Joungho Kim. PDN impedance modeling and analysis of 3D TSV
IC by using proposed P/G TSV array model based on separated P/G
TSV and chip-PDN models. 1:208–219.
ࢀߟจݙ 103
[15] G. Charles, P.D. Franzon, Jaemin Kim, and A. Levin. Analysis and
approach of TSV-based hierarchical power distribution networks for
estimating 1st-droop and resonant noise in 3DIC. In 2011 IEEE 20th
Conference on Electrical Performance of Electronic Packaging and
Systems (EPEPS), pages 267–270.
[16] Kiyeong Kim, Woojin Lee, Jaemin Kim, Taigon Song, Joohee Kim,
Jun So Pak, Joungho Kim, Hyungdong Lee, Yongkee Kwon, and
Kunwoo Park. Analysis of power distribution network in TSV-based
3D-IC. In 2010 IEEE 19th Conference on Electrical Performance of
Electronic Packaging and Systems (EPEPS), pages 177–180.
[17] Taigon Song and Sung-Kyu Lim. A fine-grained co-simulation
methodology for IR-drop noise in silicon interposer and TSV-based
3D IC. In 2011 IEEE 20th Conference on Electrical Performance of
Electronic Packaging and Systems (EPEPS), pages 239–242.
[18] Amirali Shayan, Xiang Hu, Wanping Zhang, Chung-Kuan Cheng,
A. Ege Engin, Xiaoming Chen, and Mikhail Popovich. 3D stacked
power distribution considering substrate coupling. In Computer De-
sign, 2009. ICCD 2009. IEEE International Conference on, pages
225–230.
[19] Dean L. Lewis and H.-HS Lee. A scanisland based design enabling
prebond testability in die-stacked microprocessors. In Test Confer-
ence, 2007. ITC 2007. IEEE International, pages 1–8.
[20] Erik Jan Marinissen. Testing TSV-based three-dimensional stacked
ICs. In Proceedings of the Conference on Design, Automation and
Test in Europe, pages 1689–1694.
[21] Chih-Yen Lo, Yu-Tsao Hsing, Li-Ming Denq, and Cheng-Wen Wu.
SOC test architecture and method for 3-d ICs. 29:1645–1649.
[22] Erik Jan Marinissen, Chun-Chuan Chi, Jouke Verbree, and Mario
Konijnenburg. 3D DFT architecture for pre-bond and post-bond
testing. In 3D Systems Integration Conference (3DIC), 2010 IEEE
International, pages 1–8.
104 ࢀߟจݙ
[23] Xiaoxia Wu, Paul Falkenstern, and Yuan Xie. Scan chain design for
three-dimensional integrated circuits (3D ICs). In Computer Design,
2007. ICCD 2007. 25th International Conference on, pages 208–214.
[24] Li Jiang, Lin Huang, and Qiang Xu. Test architecture design and
optimization for three-dimensional SoCs. In Proceedings of the Con-
ference on Design, Automation and Test in Europe, pages 220–225.
[25] Jia Li and Dong Xiang. DfT optimization for pre-bond testing of
3D-SICs containing TSVs. In Computer Design (ICCD), 2010 IEEE
International Conference on, pages 474–479.
[26] Chandan Giri, Surajit Kumar Roy, Baishali Banerjee, and Hafizur
Rahaman. Scan chain design targeting dual power and delay opti-
mization for 3D integrated circuit. pages 845–849. IEEE.
[27] Sandeep Goel, Erik Jan Marinissen, Anuja Sehgal, and Krishnendu
Chakrabarty. Testing of SoCs with hierarchical cores: Common fal-
lacies, test access optimization, and test scheduling. 58:409–423.
[28] Brandon Noia, Krishnendu Chakrabarty, and Erik Jan Marinissen.
Optimization methods for post-bond die-internal/external testing in
3D stacked ICs. In Test Conference (ITC), 2010 IEEE International,
pages 1–9.
[29] Brandon Noia, Sandeep Kumar Goel, Krishnendu Chakrabarty,
Erik Jan Marinissen, and Jouke Verbree. Test-architecture optimiza-
tion for TSV-based 3D stacked ICs. In Test Symposium (ETS), 2010
15th IEEE European, pages 24–29.
[30] Po-Yuan Chen, Cheng-Wen Wu, and Ding-Ming Kwai. On-chip TSV
testing for 3D IC before bonding using sense amplification. pages
450–455. IEEE.
[31] Po-Yuan Chen, Cheng-Wen Wu, and Ding-Ming Kwai. On-chip test-
ing of blind and open-sleeve TSVs for 3D IC before bonding. In VLSI
Test Symposium (VTS), 2010 28th, pages 263–268.
[32] Minki Cho, Chang Liu, Dae Hyun Kim, Sung Kyu Lim, and Saibal
Mukhopadhyay. Design method and test structure to characterize
ࢀߟจݙ 105
and repair TSV defect induced signal degradation in 3D system.
In Proceedings of the International Conference on Computer-Aided
Design, pages 694–697.
[33] A. D. Trigg, Li Hong Yu, Xiaowu Zhang, Chai Tai Chong,
Cheng Cheng Kuo, Navas Khan, and Yu Daquan. Design and fabri-
cation of a reliability test chip for 3D-TSV. In Electronic Components
and Technology Conference (ECTC), 2010 Proceedings 60th, pages
79–83.
[34] Dan Perry, Jonghoon Cho, Shinichi Domae, Panagiotis Asimakopou-
los, Alex Yakovlev, Pol Marchal, Geert Van der Plas, and Nikolaos
Minas. An efficient array structure to characterize the impact of
through silicon vias on FET devices. In Microelectronic Test Struc-
tures (ICMTS), 2011 IEEE International Conference on, pages 118–
122.
[35] Dan Oh, Hai Lan, Chris Madden, Sam Chang, Ling Yang, and Ralf
Schmitt. In-situ characterization of 3D package systems with on-chip
measurements. In Electronic Components and Technology Confer-
ence (ECTC), 2010 Proceedings 60th, pages 1485–1492.
[36] M. Safi-Harb and G.W. Roberts. 70-GHz effective sampling time-
base on-chip oscilloscope in CMOS. 42:1743–1757.
[37] Yu Zheng and Kenneth L. Shepard. On-chip oscilloscopes for nonin-
vasive time-domain measurement of waveforms in digital integrated
circuits. 11:336–344.
[38] M. van Heijningen, J. Compiet, P. Wambacq, S. Donnay, M.G.E.
Engels, and I. Bolsens. Analysis and experimental verification of
digital substrate noise generation for epi-type substrates. 35:1002–
1008.
[39] Makoto Nagata, T. Okumoto, and K. Taki. A built-in technique for
probing power supply and ground noise distribution within large-
scale digital integrated circuits. IEEE Journal of Solid-State Cir-
cuits, 40(4), 2005.
106 ࢀߟจݙ
[40] B. Dehlaghi, S. Magierowski, and L. Belostotski. A 12.5-gb/s on-
chip oscilloscope to measure eye diagrams and jitter histograms of
high-speed signals. Early Access Online.
[41] O. Duval and Y. Savaria. An on-chip delay measurements module
for nanostructures characterization. In Proceedings of the 2004 In-
ternational Symposium on Circuits and Systems, 2004. ISCAS ’04,
volume 3, pages III–721–4 Vol.3.
[42] Y. Araga, T. Hashida, and M. Nagata. An on-chip waveform captur-
ing technique pursuing minimum cost of integration. In Proceedings
of 2010 IEEE International Symposium on Circuits and Systems (IS-
CAS), pages 3557–3560.
[43] T. Hashida and M. Nagata. An on-chip waveform capturer and
application to diagnosis of power delivery in SoC integration. 46:789–
796.
[44] K. Yoshikawa, T. Hashida, and M. Nagata. An on-chip waveform
capturer for diagnosing off-chip power delivery. In 2011 IEEE In-
ternational Conference on IC Design Technology (ICICDT), pages
1–4.
[45] M. Takamiya, M. Mizuno, and K. Nakamura. An on-chip 100 GHz-
sampling rate 8-channel sampling oscilloscope with embedded sam-
pling clock generator. In Solid-State Circuits Conference, 2002.
Digest of Technical Papers. ISSCC. 2002 IEEE International, vol-
ume 1, pages 182–458 vol.1.
[46] B. Vrignon and S.B. Dhia. On-chip sampling sensors for high fre-
quency signals measurement: evolution and improvements. In Pro-
ceedings of the Fifth IEEE International Caracas Conference on De-
vices, Circuits and Systems, 2004, volume 1, pages 270–275.
[47] Y. Araga, N. Ueda, Y. Takagi, and M. Nagata. Performance eval-
uation of probing front-end circuits for on-chip noise monitoring.
E96-A:2516–2523.
ࢀߟจݙ 107
[48] J. Tschanz, Nam Sung Kim, S. Dighe, J. Howard, G. Ruhl, S. Vangal,
S. Narendra, Y. Hoskote, H. Wilson, C. Lam, M. Shuman, C. Toku-
naga, D. Somasekhar, S. Tang, D. Finan, T. Karnik, N. Borkar,
N. Kurd, and V. De. Adaptive frequency and biasing techniques for
tolerance to dynamic temperature-voltage variations and aging. In
Solid-State Circuits Conference, 2007. ISSCC 2007. Digest of Tech-
nical Papers. IEEE International, pages 292–604.
[49] M. Fukazawa, T. Matsuno, T. Uemura, R. Akiyama, T. Kage-
moto, H. Makino, H. Takata, and H. Takata. Fine-grained in-circuit
continuous-time probing technique of dynamic supply variations in
SoCs. In Solid-State Circuits Conference, 2007. ISSCC 2007. Digest
of Technical Papers. IEEE International, pages 288–603.
[50] M. Badaroglu, S. Donnay, H.J. De Man, Y.A. Zinzius, G. G E Gielen,
Willy Sansen, T. Fonden, and S. Signell. Modeling and experimen-
tal verification of substrate noise generation in a 220-kgates WLAN
system-on-chip with multiple supplies. 38:1250–1260.
[51] N. Azuma, T. Makita, S. Ueyama, M. Nagata, S. Takahashi, M. Mu-
rakami, K. Hori, S. Tanaka, and M. Yamaguchi. In-system diagnosis
of RF ICs for tolerance against on-chip in-band interferers. In Test
Conference (ITC), 2013 IEEE International, pages 1–9.
[52] P. Jain, Dong Jiao, Xiaofei Wang, and C.H. Kim. Measurement,
analysis and improvement of supply noise in 3D ICs. In 2011 Sym-
posium on VLSI Circuits (VLSIC), pages 46–47.
[53] Y. Araga, M. Nagata, G. Van der Plas, Jaemin Kim, N. Minas,
P. Marchal, Y. Travaly, M. Libois, A. La Manna, Wenqi Zhang, and
E. Beyne. In-tier diagnosis of power domains in 3D TSV ICs. In 3D
Systems Integration Conference (3DIC), 2011 IEEE International,
pages 1–6.
[54] K. Makie-Fukuda, T. Anbo, T. Tsukada, T. Matsuura, and
M. Hotta. Voltage-comparator-based measurement of equivalently
sampled substrate noise waveform in mixed-signal integrated cir-
cuits. In , 1995 Symposium on VLSI Circuits, 1995. Digest of Tech-
nical Papers, pages 39–40.
108 ࢀߟจݙ
[55] N. Makoto, N. Jin, T. Morie, and A. Iwata. Measurements and
analyses of substrate noise waveform in mixed-signal ic environment.
Computer-Aided Design of Integrated Circuits and Systems, IEEE
Transactions on, 19(6):671–678, 2000.
[56] Y. Kanno, Y. Kondoh, T. Irita, K. Hirose, Y. Mori, Y. Yasu,
S. Komatsu, and H. Mizuno. In-situ measurement of supply-noise
maps with millivolt accuracy and nanosecond-order time resolution.
42:784–789.
[57] A. Muhtaroglu, G. Taylor, and T. Rahal-Arabi. On-die droop detec-
tor for analog sensing of power supply noise. 39:651–660.
[58] J.U. Knickerbocker, P.S. Andry, E. Colgan, B. Dang, T. Dickson,
X. Gu, C. Haymes, C. Jahnes, Y. Liu, J. Maria, R.J. Polastre, C. K.
Tsang, L. Turlapati, B.C. Webb, L. Wiggins, and S.L. Wright. 2.5D
and 3D technology challenges and test vehicle demonstrations. In
Electronic Components and Technology Conference (ECTC), 2012
IEEE 62nd, pages 1068–1076.
[59] Liam Madden, Ephrem Wu, Namhoon Kim, Bahareh Banijamali,
Khaldoon Abugharbieh, Suresh Ramalingam, and Xin Wu. Advanc-
ing high performance heterogeneous integration through die stack-
ing. In Solid-State Device Research Conference (ESSDERC), 2012
Proceedings of the European, pages 18–24.
[60] Katsuya Kikuchi, Hiroshi Nakagawa, Kazuhiko Tokoro, M. Aoyagi,
and S. Segawa. Ultra-high-speed signal propagation of high-density
wiring interposer for 3D packaging. In ELECTRONIC COMPO-
NENTS AND TECHNOLOGY CONFERENCE, volume 55, page
809.
[61] P. Ramm, A. Klumpp, and J. Weber. 3D integration technologies for
MEMS/IC systems. In IEEE Bipolar/BiCMOS Circuits and Tech-
nology Meeting, 2009. BCTM 2009, pages 138–141.
[62] M. Daneshtalab, M. Ebrahimi, and J. Plosila. HIBS #x2014; novel
inter-layer bus structure for stacked architectures. In 3D Systems
ࢀߟจݙ 109
Integration Conference (3DIC), 2011 IEEE International, pages 1–
7.
[63] S. Bronckers, G. Van der Plas, P. Marchal, and Y. Rolain. Ap-
plication of substrate noise simulation methodology to 3D-stacking.
In IEEE Design Automation and Test in Europe Workshop, 2009.
DateWorkshop 2009, pages 106–109.
[64] Jan Van Olmen, Abdelkarim Mercha, Guruprasad Katti, Cedric
Huyghebaert, Joke Van Aelst, Emma Seppala, Zhao Chao, Silvia
Armini, Jan Vaes, and R. Cotrin Teixeira. 3D stacked IC demonstra-
tion using a through silicon via first approach. In Electron Devices
Meeting, 2008. IEDM 2008. IEEE International, pages 1–4.
[65] Y. Murasaka, T. Ohmoto, T. Morie, and A. Iwata. Chip-level sub-
strate noise analysis with network reduction by fundamental matrix
computation. In 2001 International Symposium on Quality Elec-
tronic Design, pages 482–487.
[66] D. Kosaka, M. Nagata, Y. Murasaka, and A. Iwata. Chip-level sub-
strate coupling analysis with reference structures for verification. In
IEICE Trans. Vol. E90-A No.12, Dec., pages 2561–2660.
[67] Joohee Kim, Jun So Pak, Jonghyun Cho, Junho Lee, Hyungdong
Lee, Kunwoo Park, and Joungho Kim. Modeling and analysis of
differential signal through silicon via (TSV) in 3D IC. In 2010 IEEE
CPMT Symposium Japan, pages 1–4.
[68] S. Uemura, Y. Hiraoka, T. Kai, and S. Dosho. Isolation techniques
against substrate noise coupling utilizing through silicon via (TSV)
process for RF/Mixed-Signal SoCs. 47(4):810–816.
[69] M. Stucchi, D. Perry, G. Katti, and W. Dehaene. Test structures for
characterization of through silicon vias. In 2010 IEEE International
Conference on Microelectronic Test Structures (ICMTS), pages 130–
134.
[70] G. Katti, M. Stucchi, D. Velenis, B. Soree, K. De Meyer, and W. De-
haene. Temperature-dependent modeling and characterization of






[1] Yuuki Araga, Nao Ueda, Yasumasa Takagi and Makoto Nagata,
“Chip-to-Chip Half Duplex Spiking Data Communication Over
Power Supply Rails,” IEICE Transactions on Fundamentals, Vol.
E96-A, No. 12, Dec.2013.
[2] Yuuki Araga Makoto Nagata, Geert Van der Plas, Paul Marchal,
Michael Libois, Antonio La Manna, Wenqi Zhang, Gerald Beyer,
and Eric Beyne, “Measurements and Analysis of Substrate Noise
Coupling in TSV based 3D Integrated Circuits,” IEEE Transac-
tions on Components, Packaging and Manufacturing Technology,
conditionally accepted
ࠃࡍձٞ
[3] Yuuki Araga, T. Hashida, M. Nagata, “An On-Chip Waveform
Capturing Technique Pursuing Minimum Cost of Integration,” in
in IEEE Proceedings of International Symposium on Circuits and
Systems (ISCAS) 2010, pp. 3557-3560, May 2010.
[4] Yuuki Araga, Makoto Nagata, Geert Van der Plas, Jaemin Kim,
Nikolaos Minas, Paul Marchal, Youssef Travaly, Michael Libois,
Antonio La Manna, Wenqi Zhang and Eric Beyne, “In-Tier Diag-
nosis of Power Domains in 3D TSV ICs,” in IEEE Proceedings of
International 3D Systems Integration Conference (3DIC) 2011, pp.
7.2.1-7.2.6, January 2012.
[5] Yuuki Araga, Ranto Miura, Nao Ueda, Noriyuki Miura, Makoto
Nagata, “In-Stack Monitoring of Signal and Power Nodes in Three
112 ൃද࿦จҰཡ
Dimensional Integrated Circuits,” in IEICE International Sympo-
sium on Electromagnetic Compatibility (EMC Tokyo), condition-
ally accepted
ٕज़ใࠂ
[6] ߥլ ༎थ, ڮా ୓ࢤ, Ӭా ਅ, ”ΦϯνοϓɾϚϧννϟωϧϞχ
λʹ͓͚Δ೾ܗऔಘΞϧΰϦζϜͷ࣮૷ͱධՁ,” ిࢠ৘ใ௨৴ֶ
ձٕज़ใࠂ ICD2008-80, pp. 125-130, 2008.10. ICD
[7] ߥլ ༎थ,ڮా୓ࢤ,Ӭాਅ, ”ϛοΫετγάφϧSoCͷͨΊͷΦ
ϯνοϓϞχλߏஙٕज़,” ిࢠ৘ใ௨৴ֶձٕज़ใࠂ ICD2008-108,
pp. 39-42, 2008.12. ICD
[8] ߥլ ༎थ, ڮా ୓ࢤ, Ӭా ਅ, ”ΦϯνοϓϞχλͷ࠷؆౥ࡌͱ
νοϓ಺؀ڥͷ؍ଌ,” ిࢠ৘ใ௨৴ֶձٕज़ใࠂ ICD2010-22, pp.
5-9, 2010.07. ICD
[9] ߥլ ༎थ, ڮా ୓ࢤ, ্ࢁ ৾Ұ࿠, Ӭా ਅ, ”Φϯνοϓ؀ڥ৙ཚ
ʹର͢ΔΞφϩά IPίΞͷ਍அςετϕϯνͷఏҊ,” ిࢠ৘ใ௨
৴ֶձٕज़ใࠂ ICD2011-29, pp. 79-84, 2011.07. ICD
ൃද࿦จҰཡ 113















	

 !"#$%&'()*+,-
.//01
23456/789 5:5;4 
<	=>)?@AB? CDEFG!HDEIJ4KLM4NO
?@AB?PQRSATDEFGU*V 
 WX9 YZ
<	[\]^_`O.^abcdefghEgij*k$almU*V



